Digital Earth's framework can be traced to evolutionary threads with historic foundations that fostered the fertile conceptual and technological incubation. These threads incorporate writings, such as those of the visionary engineeringgenius, Buckminster Fuller, in conjunction with an array of space age developments in computers, internet and communications, satellites, and education. In 1998, when Vice President Al Gore articulated the Digital Earth Vision, he portrayed the vision based upon myriad technology factors for the intellectual foundation and sparked a worldwide phenomenon that fortuitously included the Chinese leadership's recognition and acceptance. The Beijing Declaration is recognised for its role promulgating the International Digital Earth Symposium series to promote better understanding of the impacts of Digital Earth technology and applications on behalf of all humankind. Combinations of industrial, academic, and government organisations have advanced the technological components necessary for implementing the Digital Earth Vision at a prodigious rate. Commercial leaders, such as Google, have accelerated the influence of large segments of society towards components of the Digital Earth Vision. However, challenges still remain regarding requisite collaboration on international standards for metadata, interoperability, and data formats for space and time that will affect Digital Earth implementation scenarios. Functional requirements for the model Digital Earth geobrowser remain to be fully articulated. The current paper presents an overview of the historical components, the key players on the international scene, the catalytic technological advances, and the societal response to the growth of the Digital Earth community.
Introduction
In December of 1998, then US Vice President Al Gore presented a speech to a crowded auditorium in Los Angeles, California, wherein he conveyed a vision of the future where a young girl could sit before a virtual representation of the Earth, a three-dimensional (3D) Digital Earth, and ask questions about the planet and its resources and about issues related to humans and their welfare, their history, and any other question that could be addressed for science, art, and the humanities. His vision launched the Digital Earth movement in the US Government by providing an effective metaphor that scientists as well as non-scientists could comprehend with respect to a common target for the use of evolving visual-information technologies (Gore 1998) . This vision has proven to be of special interest to groups interested in cooperative study of the planet and its resources, and directed actions for the solutions towards sustainable development. Prior to Gore, followers of Buckminster Fuller's work can attest to the detailed descriptions and specifications that precede former Vice President Al Gore's Digital Earth Vision. Fuller went into great detail on distinctions for functional requirements related to computers with the capacity to model the world and provide scenarios for society's survival on Spaceship Earth (Fuller 1968) . His visionary writings foresaw and proposed the creation of the Geoscope many decades ago as the forerunner of Digital Earth (Fuller 1981) . Nevertheless, as a direct result of Mr Gore's position as Vice President of the United States, the Digital Earth initiative was established and led by NASA in collaboration with other US agencies. This in turn was quickly adopted internationally through leadership of the Chinese Academy of Sciences. The international diffusion of this innovative concept blended well with national approaches to addressing imminent challenges of the 21st Century for economic, social, and environmental well-being. An increasing community of international enthusiasts is constructing major components of the Digital Earth vision that demonstrates evidence of significant progress over the past seven years. Global content, from collections of satellite and airborne remote sensing data and the efforts of collaborations such as Global Map and the global spatial data infrastructure (GSDI), combined with city and national level geographic information system (GIS) constructs will provide for applications across a wide range of scales. Myriad partnerships are developing to capture the scientific excitement in Digital Earth's promising technology solutions and to address the increasing calamities facing developing and developed nations from human-based and natural pressures. The advent of operational, web-enabled 3D geobrowsers and the applications presented at the 5th International Symposium on Digital Earth (ISDE5 2007) represents the first wave of novel and ubiquitous userinterface tools for harnessing the Digital Earth vision.
Background
Over the last half of the 20th Century, a host of events and advances combined to create a complex of self-imposed problems along with a phenomenal rate of technological innovations. This combination of peril and progress represents an intriguing aspect for our human condition that illuminates how we are both our worst enemy and our only salvation. This condition has been described by visionaries and pioneers in the field, such as Buckminster Fuller, Ed Mitchell, and Doug Engelbart who have each proclaimed the timely need to increase the IQ of the planet for our survival as a species. By the middle of century (Foresman 1998) , the effective birth of our modern age of computing was launched beginning with the creation of the ENIAC (Figure 1) , then seen as a room full of vacuum tubes at the University of Pennsylvania. This first operational computing machine set the stage for an unending pace of development of staggering magnitude, best captured on a log scale using Moore's Law. By the next decade, geographers began to explore quantitative methods in their work in applying spatial solutions to problems and soon thereafter, the use of computers (AAG 1997) . The Soviet Sputnik satellite literally launched the space age in 1957, adding fuel to the use of computers for the information age while keeping focus on national security during the Cold War.
NASA's Apollo photography of the Earth provided a stunning perspective of Spaceship Earth for a world audience, and a timely reminder that the Earth required focused attention for human survival. The impact of the new Earth perspective gained from the Apollo program convincingly demonstrated that Earth is the only viable life-support system for humans and all life forms. This perspective began to diffuse through society at large and profoundly affected many of the early astronauts (Edward Mitchell, personal communication, 2007) .
A bellwether book, Silent Spring (Carson 1962) , mobilised a generation that began conceptualising the links between human's industrial and commercial behavior with the welfare of our planet's finite living resources. An environmental movement was initiated in large part from the crystallising effect of this book on the imaginations of many concerned citizens from all walks of politics. Policy makers in the United States took bold steps in this period by establishing the National Environmental Policy Act, thereby setting into motion a litany of environmental regulations that were rapidly modeled by many other nations for addressing the known assaults on air, water, soil, and species from human actions. A tipping point was evident with the 1972 Stockholm Conference on the Human Environment, which prompted the establishment of the United Nations Environment Programme and myriad international programs and initiatives. At around the same time, improvements in communications and networking technology, created the foundation of the Internet, known then as the ARPANET. Computing technologies allowed for the handling of scientific-based Earth observations programs, hallmarked by the Landsat remote sensing series. Throughout the 1970s we witnessed the dual nature of our human condition with the co-evolution of technical capabilities for global awareness regarding the threats to our planet's life support systems and the increasing awareness of the consequences in terms of the human conditions. Society began to become acquainted with issues, such as ozone depletion and greenhouse gases. And the world wide web, along with the exponential improvements of a global computing network, or planetary informational nervous system, was beginning to roots of its current manifestation.
Unprecedented cooperation on the international scale was coincident with the end of global tensions between the United States and the former Soviet Union, through the establishment of GSDI. GSDI began from a dedicated group of mapping and environmental information scientists working for the US federal government under the Federal Geographic Data Committee (FGDC) (GSDI 2003) . The concept of standards, and software tools for the exchange of spatial data and information among cooperating institutions quickly spread across the globe with the establishment of clearinghouse nodes on all continents for the sharing of geoinformation. Championed by mapping agencies and likeminded industry supporters, the careful construction of this infrastructure is progressing towards a global network for the exchange and interoperability of data, information, and tools for analysis, visualisation, and decision support. The Global Map initiative, under the International Steering Committee for Global Map (ISCGM), further spearheaded international cooperation for the development of global data content among these national mapping agencies. This effort has brought to fruition an idea for a global map first proposed by ISCGM in 1996 (ISCGM 2003 . But access to these data remained the domain of only technically savvy operators.
Until 2005, average citizens could not readily access and utilise the advances in the Digital Earth technology revolution. The vision seeded by Gore was that of a young child, not a computer scientist. Therefore, as the Digital Earth initiative began germinating in 1999, emphasis was placed on balancing the technology with the user applications for education, museums, and decision support among less technically inclined managers and politicians. But it still took seven years for the more public friendly face of Google Earth † and other geobrowsers to mark an evolutionary transition point for the Digital Earth community.
Digital Earth development
The US Digital Earth initiative was cooperatively defined by the creation of an interagency working group in 1999 known as the Interagency Digital Earth Working Group (IDEWG), led by NASA. IDEWG comprised 17 federal agencies with guest advisors from industry and academia. A division of labor was established to focus on the several sectors which defined the early concepts for Digital Earth as follows:
. Visualisation and exploration . Education and outreach . Science and applications . Advanced display sites . Data access and distribution . Standards and architecture Overlap existed among many the components, for example, 3D Earth-based graphic user interfaces (GUIs) were divided by this group into various technological sectors to stimulate cooperative development support. Industry and academia soon joined the monthly workshops to discuss different topics, such as advanced typologies for electronic library access, visualisation, information fusion, standards and interoperability, advanced computational algorithms, et cetera. In March of 2000, industry representatives showcased for the IDEWG over a dozen enterprising technologies which demonstrated promising 3D visualisation prototypes. Within two years, these prototypes were captivating international audiences in government, business, science, and mass media who began to purchase the early commercial geobrowsers, and hence became symbolic harbingers for the Digital Earth initiative, (Figure 2 ). NASA's leadership for Digital Earth had waned by 2001 owing to a change in the US administration and therein disbanded back into multiple agency internal activities. As of this writing, Digital Earth initiatives in the US Government are limited primarily to NASA's World Wind and Earth Observatory programs, and NOAA's Science on a Sphere. There exist, however, many enthusiastic government supporters of the Digital Earth framework and vision, if not the name, and rapid growth can be expected in the immediate future with the greater public awareness of Digital Earth through the success of Google Earth (Gred Withee, Personal communication, 2007) .
International symposium for Digital Earth
International collaboration for the Digital Earth concept has been led by the Chinese Academy of Sciences' (CAS) Institute for Remote Sensing Applications. CAS sponsored and hosted the Beijing meeting of the 1st International Digital Earth Symposium in November 1999 (ISDE 1999) . The Chinese government continued to sponsor international symposia and projects, in cooperation with a growing community of international agencies and NGOs. Inclusion of Digital Earth technology references in the Chinese government's 5-year plan attest to the level of attention given by China as they address the imminent challenges for economic, social, and environmental sectors in their society. A network of agencies and citizens is harmonising efforts to capture the prowess of Digital Earth technology for sustainable development throughout Asia and Europe. A host of Digital Earth workshops are being conducted throughout China, Asia, and the Pacific on a continuing basis, however, due to language barriers much of this progress has not been recognised internationally.
The 2nd The formation of the International Society for Digital Earth (ISDE) was proposed and initiated by the Chinese Academy of Sciences to create a non-profit entity to act as Secretariat for this growing international DE community (ISDE 2006) . Hosted by the Chinese Academy of Sciences, this formal organisation is now chartered to coordinate the implementation of the Beijing Declaration and ensure effective implementation of the bi-annual International Symposium series. The secretariat has taken on responsibility for the International Journal of Digital Earth, for which the inaugural issues contains this report. The Society has begun to address a list of organisational and research issues in pursuit of the mission to increase the foundations and applications for the Digital Earth community (ISDE 2006) .
Outside the bi-annual Symposium series, the Digital Earth Summit on Sustainability, conducted in August of 2006 in Auckland, provided an off-year opportunity for the Digital Earth community to expand its influence while focusing upon narrow topics or themes (DE Summit 2006) . Prime Minister Helen Clark provided solid testimony by her presence and administration's commitment to begin applying Digital Earth technology for the nation's stated course for a sustainable future. The gravitas of Minister Clark's involvement has anchored the Digital Earth community in New Zealand and set in motion complex interaction among all walks of society and government to begin creating and sharing geo-spatial information and decision support resources (Foresman 2007a) .
ISDE 5 was held in June 2007 in Berkeley, California, USA with 390 attendees from 28 countries participating in focused events to bring technology users together with NGO, community, and government applications. The maturity of Geobrowsers (see below) was such that many operational uses for humanitarian, environmental protection, and community empowerment were presented. Therefore, the Digital Earth vision can be expressed as reaching its first operational phase with the advent of multiple commercial and government web-based 3D geobrowsers. In addition, the ubiquitous nature of the global coverage and internet access across a broad spectrum of use communities has attested to the predicted prowess of the Digital Earth vision for society.
Geobrowsers
Beginning in 2000, the United Nations Environment Programme (UNEP) adopted the Digital Earth architecture, as expressed through the Digital Earth Reference Model (or DERM) for the design of UNEP's data and information resources reorganisation. Based on the GSDI/DERM architecture, that is, a network of distributed and interoperable databases creating a framework of linked servers, the design concept used a growing network of internet mapping software and database content with advanced capabilities to link GIS tools and applications. UNEP.Net, launched in February 2001, provided UN staff with an unparalleled facility for accessing authoritative environmental data resources. However, a universal user interface for UNEP.net, suitable for members of the Security Council, that is nonscientists, did not exist. UNEP began actively testing prototypes for a UNEP.Net geobrowser beginning in mid-2001 with a showcase for the African community displayed at the 5th African GIS Conference in Nairobi, Kenya November 2001 ( Figure 2) . A concerted effort within the UN community (via the UN Geographic Information Working Group) followed, including purchase of early system versions by 2002. UNEP provide further industry demonstrations for the World Summit on Sustainable Development in September, 2002 at Johannesburg, South Africa (Figure 3) .
Recommendations for creating a document on the Functional User Requirements for geobrowsers resulted from the 3rd UNGIWG Meeting, June 2002, Washington, D.C. This proposal was communicated to the ISDE Secretariat and the organising committee for the 3 rd International Symposium for Digital Earth and agreement made by the CAS sponsored Secretariat to host the first of the geobrowser meetings. In December 2002, the 1st International Digital Earth Workshop (IDEW) was hosted by the newly constituted ISDE secretariat to review the status of visualisation and geobrowser technological advances. An impressive array of technologies and programs was highlighted at the workshop covering a range of applications including geomorphology and risk hazards, genesis and global transport of dust, epidemiology and human health, biodiversity and ecosystem assessments, and municipality design and management (ISDE 2003) . A 'mandate' document was commissioned by the workshop organisers to catalyse cooperation for defining functional user requirement of geobrowsers and promote widespread understanding of the universal need for accelerated and collaborative development efforts. The progress of the geobrowsers series of workshops (ISDE-North America 2003) was finally overshadowed in May of 2005 by Google's announcement of an operational Google Earth † for web-based applications. An overview of the current capabilities of these geobrowsers was presented at the 5th ISDE (ISDE5 2007) which included leading internet software corporations competing for the commercial market of Digital Earth applications.
Conceptual framework
Structural integrity of any system or network depends upon foundation fundamentals. The foundation for the Digital Earth community has been in part, albeit ad hoc, conceptually established by the DERM in combination with protocol exchange advances from ISO, OGC, GSDI and others. A strong case can be made that the robust entrepreneurial advances by Google, GeoFusion † , and other developers provided the real framework for concrete advances. These organisations, however, would be quick to mention that the availability of global satellite data sets and exchange protocols were prerequisites for their system's developments. This foundation is part of the ITC (Information TeleComunications) enterprise and as such it can be expected to continue evolving from the trajectory of analog, to digital, to wireless communication dimensions globally. Figure 4 , portrays a framework model that depicts the ITC base layer comprised of internationally agreed standards for technology interoperability. Upon this foundation, spatial data, including remote sensing and related geospatial data in combination with vast amounts of thematic data collected across the globe over the past thirty years, remain an important resource for those studying the Earth's systems and dealing with the challenges for sustainable development. These thematic areas or domains have often been described as silos of information separated by disciplinary boundaries. Stakeholders on the world's stage and those locally employed continue to operate under conventions which separate these domains and can be expected to continue to think and function in this time-tested manner of separate disciplines. However, as the benefits for collaborative thinking, interdisciplinary analysis, and community based decisionmaking gain popularity, alternative methodologies are required to harness crossfertilisation among the various domains or knowledge sectors.
Sustainable development was the focus of the 2002 Johannesburg World Summit, where sustainability was discussed at international and local levels. As awareness of the challenges of sustainability has increased, so has the demand for better decision support tools for use in addressing these complex challenges. Visualisation-based decision support tools have demonstrated exceptional capabilities for combining the three dimensions of environment, social, and economics into a range of progressive plans and operations that experts and laypersons can comprehend. Figure 4 portrays clustering these multiple domains into three pillars for sustainable development and the aggregation of data and models to address robust decision support utilisation. Traditionally, even technically proficient stakeholders in the spatial data community have encountered a host of challenging obstacles related to collection and integration of geographic data. The identification, location, access, and integration of geospatial data has, heretofore, been beyond the use of average citizens, much less top decision makers.
Fortunately, we now find a significantly evolved technical landscape. Currently, major players (i.e. Microsoft, Yahoo!, Google, etc.) are focused on improving their capabilities in getting spatial and non-spatial data into the hands of millions of citizens, NGOs, businesses, and governments, with easy to navigate and customisable GUIs. With these significant improvements demonstrated in the design of userinterface tools we can expect advances in monitoring and management programs for Earth resource applications. Many examples of social and environmental concerns from natural and man-made activities are being studied and presented using Digital Earth geobrowsers (e.g. climate change, deforestation, Darfur human rights) (Foresman 2007b) . The Digital Earth framework concept, Figure 4 , is portrayed as a web-based common access port for 3D visualisation and query. At this point in time, the design and refinement of geobrowser interface tools appears to be more market driven than academic-scientific driven. It can be debated as to whether there is a need for the academic community to attempt to harmonise the performance of 3D geobrowsers. The current set of geobrowsers and the phenomenal suite of customisation tools being created by private groups indicates a healthy and emerging market has come of age.
Trends and implications
As can be seen in (Table 1) , beginning around four decades ago, the interface with information, including geospatial information, was limited to job control languages that allowed users to communicate with computers conveyed through the punched holes in cards, an interface technology that dates back to the Hollerith cards of the 1890s. Computer hobbyists, as well as university and government scientists began to expand the regular use of computers with the advent of command text copying and recording using magnetic media which could be directly linked to mainframes or personnel computers. In the early 1980s, the advent of graphic oriented commands pioneered effectively by Apple, demonstrated the next boost in accessibly of computers (and the information potential for their use) in comparison to the technical sophistication of UNIX, heretofore the programming language of computer scientists. The universal appeal of the window display GUI grew in dominance along with Microsoft's market share causing the almost complete demise of command languages for user interfaces. An era of point-and-click, mouseoriented graphic user interfaces rapidly flooded the computer user markets, including that of sophisticated remote sensing and GIS technicians. The advent of Internet browsers enabled the use of dynamic GUIs to continued, with W3C sanctioned languages (HTML, XML) forming standards for myriad and far reaching data and information systems. By the end of the 20th Century, a series of Table 1 . Transitions in user interfaces during the past one-hundred years.
Punch cards text typing to operating systems UNIX graphic oriented commands (MacIntosh OS) Windows
Internet 2D browsers 2D browsers 3D Geobrowsers technology advances provided the necessary capabilities for vendors and research laboratories to launch the next significant transition in GUIs; the 3D Digital Earth or geographic-based browser. The geobrowser therefore represents not only the next phase in GUIs, but a revolution in developing nature-oriented, human-interface information systems.
Computers do not drive politics, at least not currently. Policy actions that affect the lives of people on the planet are critically needed as the discovery of the interconnectedness between trade policy and social stability and the environment becomes more clearly understood. At the 2002 World Summit on Sustainable Development, while little was actually accomplished relative to the creation and adoption of policies to protect the planet and its living resources, including humans, there were various interjections for the use of geo-information into the numerous documents used for preparation meetings and in the final Summit documentation. While the interjection of words, such as use of remote sensing and application of GIS technology, will not provide necessary shifts in the policy positions of the many nation-states, an increase in global literacy regarding the critical uses of geoinformation is becoming increasingly evident. For example, carbon-trading brokers are beginning to apply Digital Earth technology suites to implement carbon offset trading with multiple nations.
Full-scale adoption of geo-information through Digital Earth technologies can be envisioned to unveil over the next few years as the elevated sectors of the policymaking professions become more dependent upon these resources for monitoring and assessment of environmental and social conditions. The Digital Earth community, including an array of associated initiatives, such as GSDI and Global Map, must continue to implement the critical geo-spatial information infrastructure. Governmental, grassroots organisations, industry, and NGOs are engaging with the geo-information community (i.e. where 2.0 and Digital Earth) to build partnerships in an effort to accelerate the development of this critical infrastructure. NGOs, such as World Resources Institute, Conservation International, and NatureServe, are each applying and advancing the use of geo-information in the performance of the efforts to document, monitor, and develop action strategies for protection of the Earth's biodiversity and ecological services. The UN family (mainly FAO, UNESCO, and UNEP) is applying geo-information from remote sensing, GIS, and GPS for monitoring and assessing impacts on the planet. Others in the UN community, such as OCHA, DPKO, Habitat, and WHO are harnessing the use of geoinformation to provide humanitarian service support around the globe in response to natural and man-made disasters and armed conflict (Foresman 2007b ).
If we examine the pathways that have brought geo-information and the Digital Earth initiative to the present, and review the many facets of the applications towards sustainable development objectives, then we might venture some guesses as to the near future. First, the continued democratisation of data for all citizens will help bring many people to the Digital Earth community simply due to the fact that this community is beginning to dominate the market for the presentation and access of easily understood information. The leading geobrowser vendors are purchasing vast amounts of Earth observation data to populate their Digital Earths with timely and high-resolution imagery. People of all walks of life are becoming proficient users of Digital Earth 3D globes over the Internet for addressing daily navigation and consumer decisions. Others are quickly adapting these tools for pressing community concerns and alerting their fellow citizens to their management options for improving their lives. The fact that the dynamic Earth maps are in essence the tip of the iceberg relative to the global geo-information infrastructure should remind us of the vast potential bound up on the submerged sectors of this iceberg metaphor. As long as the community can keep open and free access to the majority of data generated from government sponsored sources, Digital Earth 3D geobrowsers can be seen to become a common and ubiquitous tool for all citizens as they wrestle with the daily challenges of their lives. Citizens around the globe are beginning to forge organised progress towards sustainable solutions, as coping strategies, for their future and their children's future, especially as the specter of climate change becomes more evident from science and personal observations. This new computerised nervous system of the planet will provide a proactive force for the betterment of the human species and the other living resources of this planet. It will be incumbent upon the information community to help ensure that the future of Digital Earth and 3D geobrowsers serves all humankind.
